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NIH Glycosciences: A rich and lasting heritage
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Grace Wilsey was born with NGLY'1 deficiency, which is caused by two mutations in the NGLY'1 gene.
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Glycans play a major role in human disease:

> Rarity/Severity of genetic diseases highlight importance of glycans &
> Some Examples of Glycans and Disease: CDG
s Defective O-glycosylation in Muscular Dystrophy W
Congenital Disorders
of Glycosylation

s O-GlIcNAcylation: Diabetes, Alzheimer’s, Cancer, Heart Disease.

periphery Vo
S,

o bloog bre,
‘ Metabolic
3 Syndrome

s Notch Signaling by Glycans

s Selectins and Inflammation

s Siglecs and Regulation of Immunity

s Galectins role in immunity

s Proteoglycans: growth factors, microbe binding, morphogenesis
s Microbes and Viruses: Glycans role in entry and defense

s Heparin — this ‘drug’ is a GAG.

s  Monoclonal Therapeutics — Glycoforms
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s Cell Surface Glycans in Tumor Metastasis — Cancer Biomarkers. - Foret

s Vaccines to Infectious Organisms — Many (Most) are glycans.



Glycans Permeate Cellular Functions

Extracellular

Binding of viruses

and bacteria
s ®
Binding of cholera %
. toxin and patho- 5 4
Functional 5 5
: genic Escherichia
regulation of ? :
coli 0-157 toxin
: growth factors
Intercellular signal  ynctional requlation of  3ng receptors i
 transduction hormones and immunity N

g ond regulatlo .KLU’ :
L) ~ ofantibodies (v

"~ Binding of proteins ‘ - AR 4 I Cell membrane

E” A 2 (/R ’~ "“‘

”
Production of blood

¢

Intracellular

Nucleus

Golgi apparatus
g Transcriptional

Free sugar chain regulation of genes

r Glycosyltransferase Endoplasmic reticulum

L ¢

.'Addition of “se A
B4, Protein quality

control

sugar chain



N-linked glycans

Mammalian Glycoconjugates
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N-Glycan Biosynthetic Pathway: A System to Generate Diversity.

What do we know?
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Glycoprotein Biogenesis and the Congenital Disorders of Glycosylation
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CDG Disorders by Compartment
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The essential role of N-Glycosylation in ER Protein Folding
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N-Glycans in Protein Folding Cycle and ERAD
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N-Glycan Biosynthetic Pathway and ER Quality Control
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Whole Exome Sequencing: Mutations in NGLY'1 Cause an Inherited Disorder
of the Endoplasmic Reticulum-Associated Degradation (ERAD) Pathway
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Reaction scheme of PNGase.
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The involvement of cytoplasmic PNGase in ERAD. The glycoproteins
destined for degradation are translocated from the ER lumen to the cytosol.
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NGLY1 description for NGLY 1.org

“We are fortunate that N-Glycanase was studied by the glycobiology
community long before the discovery of the disorder.”

N-Glycanase (encoded by the gene NGLY 1) 1s responsible for cleaving

N-linked glycans from misfolded glycoproteins, so that the body can
recycle them.

Lacking N-Glycanase leaves the body with an impaired capacity to

recycle misfolded glycoproteins, which appear to accumulate in the
cells of patients.

The current hypothesis is that accumulation of these misfolded
glycoproteins 1s what causes the harm 1n these patients.



Schematic representation of ENGase-mediated formation of N-GlcNAc
proteins in Ngly1—/— cells.
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ROS generation by the ER and its interrelations to mitochondrial ROS
generation.
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Clinical Features of NGLY'1 deficiency

In addition to global developmental delay, neurological impairment, movement
disorder and hypotonia, there are some symptoms that only appear in subgroups
of the patient population.

Each of the following symptoms has been found in at least half of all patients:

A lack of tears

Liver dysfunction: In particular, alpha-fetoprotein (AFP) may be
extremely elevated while young.

A smaller head (around the 5th percentile).
Diminished reflexes

material stored in liver cells: There appears to be something stored in
the cytoplasm of liver cells.

Seizures: About half of all patients have observable seizures. Patient
EEGs are often described as "abnormal."



ORIGINAL ARTICLE

Clinical application of exome sequencing In
undiagnosed genetic conditions

Anna C Need,' Vandana Shashi,” Yuki Hitomi," Kelly Schoch,’
Kevin \V Shianna,' Marie T McDonald,” Miriam H Meisler,” David B Goldstein"*

J Med Genet 2012:49:353—361



Table 1 Demographic and clinical features of sequenced patients

Trio  Sex  Age Race Symptoms

2 M 3 European-American  Developmental delay, multifocal epilepsy, involuntary
movements, abnormal liver function, absent tears

J Med Genet 2012:49:353—361



Genetics
© American College of Medical Genetics and Genomics ORIGINAI. RESEARCH ARTICI.E InMedICIne

15t disorder of DE-Glycosylation

Mutations in NGLY1 cause an inherited disorder of the
endoplasmic reticulum-associated degradation pathway
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Clinical Features of NGYL1

Developmental delay (8/8)
Movement disorder (8/8)
Hypotonia (8/8)
Alacrima/hypolacrima (7/8)
EEG abnormalities (7/8)
Constipation (7/8)
[ransaminase elevation (6/7)
Microcephaly (6/8)
Decreased reflexes (6/8)
bnormal brain imaging (6/8)
Abnormal liver storage (5/6)
IUGR (5/8)

Elevated blood lactate (4/6)
Seizures (4/8)

Strabismus (4/8)

Corneal disease (4/8)
Chalazions (4/8)

Ocular apraxia (4/8)
Neonatal jaundice (4/8)
Dysmorphic features (4/8)
Scoliosis (4/8)

Small hands/feet (4/8)
Peripheral neuropathy (3/3)
Elevated AFP (3/5)

ABR abnormalities (2/5)
Liver fibrosis (2/6)

Found at NIH

Hypolacrima on Schirmer testing (8/8)

Optic nerve pallor (6/8)

Mild peripheral retinal pigmentary changes (5/8)
Near normal peripheral hearing sensitivity (8/9)
Hyperkinetic movement disorder (9/9)

Abnormal sweat response 1n a length dependent
manner (5/8)

ABR Delayed and/or dysynchronous transmission
through the brainstem (7/8)

History of absence/atonic/myoclonic seizures (5/9)
Delayed bone age (6/8)

Developmental delay (9/9)

Demyelinating Axonal sensorimotor polyneuropathy
(5/8)

Mostly resolved transaminitis (6/9 (one liver
transplant))

Abnormal liver texture on ultrasound (5/9)
Cerebral atrophy (3/8)



Clinical Features of NGYL1

NEW Findings from NIH

Abnormal neurotransmitter levels (3/8)

Low CSF protein (6/8) and albumin levels (8/8)

Hyper immune response to the rubella and rubeola vaccination (7/8),
Lower than predicted resting energy expenditure (8/8)

Consistently affectionate and happy demeanor (8/8)

PERTINENT NEGATIVES from NIH
Normal echocardiogram

Normal gastric fluid pH

No evidence of primary muscle disease on EMG
No evidence of aspiration by Swallow study
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